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Abstract 
In recent years recycling rates have begun plateauing below their full potential in developed nations. This paper presents a review 
of literature summarizing the major obstacles on municipal recyclables recovery and infers there is a link to the plateauing 
behaviour of recycling levels. It also aims to compare these major influences between emerging and developed countries, with 
the goal of highlighting the regions most in need of improvement. The major influences are categorized under six headings; 
government policy, technology and human resources, local recycling market, household education, government finances and 
household economics, Municipal Solid Waste (MSW) administration and personnel education. There is also a comparison 
between emerging and developed nations recycling system effectiveness. The conclusions of this paper will inform more 
effective policies in emerging and developed nations. 
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1. Introduction 
 Recycling is a key component of current waste reduction 
and plays an important role in preventing the waste of useful 
materials and the reduction of landfill. In Organisation for 
Economic Co-operation and Development (OECD) countries 
the recycling of materials initially saw rapid growth but more 
recently has begun to plateau. In Australia recycling rates 
have plateaued at about 30% of general municipal waste with 
some highly recyclable products, such as newsprint achieving 
recycling rates of 60-70% [1]. Sustainable manufacturing has 
previously been defined as ‘the creation of manufactured 
products that use processes that minimise negative 
environmental impacts, conserve energy and natural 
resources, are safe for employees, communities, and 
consumers and are economically sound’ [2]. A 6R 
methodology has been emphasized in relation to Sustainable 
Manufacturing; reduce, reuse, recover, redesign, 
remanufacture, recycle [2]. This paper will focus upon the 
link between recycling and Sustainable Manufacturing. 
The material recycling system is a complex system 
involving a diverse range of stakeholders and influencing 
factors. These factors range from the technical or economic, 
such as the value of materials, to social factors such as social 
norms and accepted behaviours. In this paper we use a 
literature review to identify key obstacles that can drive the 
current plateau in municipal kerbside recycling systems and 
carry out a comparison with the recycling barriers seen in 
developing countries. There is some ambiguity to the 
definition of emerging and developed economy status. In this 
paper we use the income criterion, Gross National Income 
(GNI) per capita, and the 2014 UN World Economic Situation 
and Prospects report as the main measures for development 
[2]. Australia is classed as a high income nation; Brazil, 
China, Peru and Romania as upper-middle-income; and the 
remaining countries being lower-middle-income and low 
income (see Table 1 for income brackets) [3]. 
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Table 1. World Bank GNI income categories [3] 
Income categories (US $ per annum)  
Low Income $1045 or less 
Lower Middle Income $1046 - $4125 
Upper Middle Income $4126 - $12735 
High Income $12736 or more 
 
Section two presents the data from past literature on 
obstacles of recycling levels and contrasts between emerging 
and developed nations. The major obstacles have been 
categorised under six headings; government policy, 
technology and human resources, local recycling market, 
household education, government finances and household 
economics, Municipal Solid Waste (MSW) administration and 
personnel education. Section three offers some measures that 
may be used to measure the effectiveness of recycling systems 
in developed and emerging economies, and presents some of 
the contrasts seen. 
2. A comparison of recycling obstacles in developing and 
developed nations 
2.1. Government Policy 
    There is evidence that in emerging countries it is the lack or 
instability of government policy that effects recycling levels 
[4]. It is interesting to observe the evolution of waste related 
government policies in developed nations. Early 
environmental policies were relatively broad, mandating air 
and water pollution limits and contained limited overlap with 
waste disposal services [5]. As landfills neared capacity and 
social consensus formed behind waste mitigation, material 
recovery policies were often introduced [6]. Examples include 
formal kerbside collection systems, the setting of state 
recycling targets, and the mandating of data collection and 
annual waste reporting [6]. More recently landfill 
disincentives and Extended Producer Responsibility (EPR) 
have become more common [6]. In Australia, landfill levies 
have been used to dissuade landfill use which has had 
particular impact on Construction & Demolition and 
Commercial & Industrial waste flows [6]. In Europe there has 
been a move towards EPR, a policy type that puts greater 
onus for disposal upon manufactures [7]. Out of a sample of 
emerging nations (seen in Table 1) there are indications that 
Brazil is putting greater emphasis on material recovery, 
including EPR type commitments in their 2010 Solid Waste 
Policy [8]. In contrast, China show indications of placing 
greater focus on waste-to-energy disposal, in the form of 
incineration [9].  
 
Table 2. Summary of status of federal and state government policies (state 
policies are considered when they exist in a majority of states)  
 Environmental 
Protection Laws 
Material 
Recovery 
Incentive 
Landfill 
Disincentives 
EPR 
Mauritius[10] 9 8 8 8 
China[9] 9 8 8 8 
Brazil[8] 9 8 8 9 
Nepal[11] 9 8 8 8 
Vietnam[12] 9 8 8 8 
 
Municipal waste policies are generally controlled by local 
governments in developed nations. Policy types typically fall 
under four main categories; education, system enhancement, 
rewards and punishments [13]. 
2.2. Technology and Human Resources 
The availability and effective use of technology and the 
human workforce are also potential influences on recycling 
levels. This relates to the presence and efficiency of formal or 
informal collection and separation by scavengers, the 
municipality, or private contractors. It is also necessary to 
consider the state of assessment of generation and recovery 
rates, to determine the composition of waste stream. 
    There is contrast between generic MSW system structures 
in emerging and developed countries. Emerging nations tend 
to have a single waste flow with general waste and 
recyclables combined [14]. There is often an informal 
recycling sector, which may separate waste by buying 
recyclables directly from households, or scavenging from a 
transfer station or landfill [14]. Poor average wages and low 
prices for products and services create viable profit margins 
from collecting and selling recyclable waste [15]. The 
importance of the technical component of recycling is greater 
in developed nations, whereas human labour cost component 
is significant in developed countries [15].   
    Waste characterization is a necessary process in order to 
understand and subsequently improve material recovery. 
Waste characterization involves the assessment of generation, 
recovery rates, and composition of the waste stream [16]. This 
is well established in developed nations but not in emerging 
economies. This can prove a major obstacle when planning 
the introduction of a recycling procedure. This data is 
necessary to determine the ‘best-fit’ MSW system. Existing 
waste audits indicate that emerging and developed countries 
consistently show different waste compositions [16]. 
Emerging nations have higher proportions of organic waste 
and lower levels of dry recyclables.  
Table 3. Summary of key technology and human labour influences  
 Emerging Developed 
Waste collection system Single stream[14] Dual stream (Minimum)[15] 
Separation system Informal[14] Formal[15] 
Waste characterization Rare[16] Present (Annual audits)[16] 
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2.3 Local Recycling Market 
 The existence and profitability of a local recycling market, 
is a significant motivator for material recovery. Waste 
separation for material recovery is dominated by the informal 
sector in emerging countries. When there are poor average 
wages and low prices for products and services there is often 
the existence of ‘wastepickers’, small dealers, medium-sized 
dealers and large-dealers [15]. With most industrial raw 
materials sold on world markets, there is little price variation 
between countries [15]. This combined with lower wages in 
emerging economies, results in an environment where 
recycling is more privately profitable [15].  
Developed nation recycling markets require non-market 
intervention, usually in the form of government incentives, in 
order to create a sustainable market [15]. Although developed 
economies possess advanced transport and waste separation 
technology, greater proportions of recyclable waste and 
higher consumption levels there is still difficulty in making a 
profit. Secondary commodity markets are prone to fluctuation 
and demand lower prices than primary commodity markets 
[15]. Generally, only recycled metals such as aluminium and 
steel provide reliable profits [17]. 
Table 4. Summary of key recycling market related influences  
 Emerging Developed 
Labour[15] Low cost High cost 
Capital[15] Low level High level 
Commodity Prices[15] International prices 
% dry waste[16] 15-30% 35-45% 
Per capita disposal[16] Low High 
2.4 Household Education 
There are major differences in the level and types of 
household waste education in emerging and developed 
countries. Due to the lack of formal waste recovery systems in 
emerging nations, their education campaigns tend to 
emphasize sanitation rather than material recovery [18]. Any 
recovery that does occur is generally market driven. In 
developed countries there is a greater emphasis on correct 
sorting of waste to ensure optimum material recovery. 
Education campaigns generally focus on the where, when, 
what and how of recycling [19]. 
    Additionally, it appears that an individual’s attitude toward 
recycling and the environment show similarities in both the 
emerging and developed nations. A study on the citizens of 
Kathmandu city indicated a positive attitude toward recycling 
with 89% willing to separate and store waste [20]. This is also 
seen in most developed nations with existent kerbside 
recycling programs [21][22][23]. This is interesting in light of 
the fact that many emerging nations lack a formal separation 
system. Positive attitudes toward material recovery in 
emerging regions may relate to the profitable nature of the 
process, while in developed nations it appears to result from a 
moral ‘warm-glow’ [22].  
    Social norm effects are not mentioned in literature of 
emerging nations recycling habits. This infers that recycling is 
not the norm for households or at least not the primary driving 
force. In developed economies this is not the case and there is 
evidence that the actions of friends, family and neighbours 
can have a powerful influence on recycling behavior 
[24][25][26]. 
    Due to the lack of social or government pressure for 
households to separate waste in emerging countries, there are 
no mandatory time pressures. However, if a motivated 
recycler sought to recycle waste, it is likely they would do so 
through local ‘wastepickers’ or recycling dealers [14]. In 
some emerging regions, recyclables are bought directly from 
households, minimizing the need for committing time to 
recycling [14]. Although, there is greater onus on households 
in developed nations to separate waste the general trend is to 
simplify the process. This results in comingled recycling bins, 
and it becomes the responsibility of the recycling market to 
separate and clean the recyclables [15]. 
Table 5. Summary of key education related influences  
 Emerging Developed 
Knowledge Sanitation/market driven[18] Separation Procedure[x] 
Attitude Positive[20] Positive[21][22] 
Social Norm No Yes[24][25] 
Time Pressure Low[14] Low[15] 
2.5 Government Finances and Household Economics 
Government finances and household economics place 
strain on MSW systems when there are budgetary shortfalls. 
Government finances are defined as the cost of operations or 
budget allocation to Municipal Solid Waste Management 
(MSWM), and the reliability of fund provision [16]. 
Household economics refers to how an individuals’ income 
influences waste handling behavior (reuse, recycling, illegal 
dumping), and also the presence and magnitude of waste 
collection fees and willingness of citizens to pay [16]. 
     Government finances are an obstacle to recycling in 
emerging nations, since they are not able to cover MSW 
budgetary holes. In Nablus City (West Bank) there are reports 
of a lack of equipment in their solid waste system, which acts 
as a major obstacle for systematic waste sorting [27]. 
Additionally, waste managers in Nablus City often complain 
that fees are not able to cover costs of waste services. The 
average waste fee in Nablus City is just over (US) $2. A large 
majority of Brazilian regions, more than 35% do not have any 
method to charge for waste services, in these cases the costs 
are supported by other sources (i.e. General taxes) [28]. 
    Household economics prove to be another limiting factor, 
with households unable to afford MSW fees that would cover 
all costs. Again, in Nablus City it was found that just over 
70% of households struggled to afford more than (US) $10 
per month for a waste management service [27]. In Australia, 
the solid waste fee is often around (US) $21 per month, an 
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amount that is generally able to cover all MSW system costs 
[29].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.6 MSW Administration and Personnel Education 
The presence of an effective and well trained MSW 
administration, with comprehensive long-term strategies is 
lacking in emerging regions. MSW administration refers to 
the private or public management of waste covering 
collection, recovery and disposal. Personnel education entails 
the existence of trained labourers as well as the presence of 
skilled professionals in MSWM positions.  
    The lack of reliable MSWM administration is a significant 
difference between emerging and developed nations. For 
example, Beirut experiences lax implementation of 
regulations and procedures and poor levels of services [31]. 
This was supported by an Iran based study which found that 
there was a lack of proper organizational structures within 
regional municipalities in Tehran [4].  
    The education and training of MSWM personnel also 
appears to be lacking in emerging countries. The lack of 
experienced personnel was seen as a major problem in the 
Nablus City solid waste system [27]. It was found that there 
were no personnel with proper academic training and 
professional experience required for solid waste management. 
    Similarly, the absence of a MSWM plan is destabilizing 
factor in motivating recycling in developing nations. This 
issue has been seen in both the West Bank and Iran, which 
have both been shown to be lacking a comprehensive waste 
management plans in the past [27][4]. The Iran based research 
suggests the preparation of a comprehensive solid waste plan 
as an important step for improving waste management 
efficiency [4]. 
Table 6. A comparison of administration factors between emerging and 
developed countries  
 Emerging Developed 
MSW administration[31] Service lapses Sufficient 
MSW personnel education[27] Low High 
MSW plan[4] Rare Present 
 
    It is probable that budgetary gaps, plus unstable or the 
absence of government policy, are a major reason for the lack 
of a well-organized and trained MSW administration. This 
may lead to a tendency of short-term problem solving, 
resolving difficulties as they arise rather than having a long-
term strategy. A symptom of this may be the focus on health 
and hygiene rather the efficient use of waste material and land 
[18]. 
3. A comparison of effectiveness of recycling systems in 
emerging and developed nations 
The effectiveness of recycling systems in emerging and 
developed countries does not always favour the developed. If 
effectiveness is measured by recycling rates, quality of 
recovered material, loss of material during separation, 
government expense, and workplace health and safety, then it 
could be argued that emerging nation recycling is more 
effective. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The data on material recovery for emerging nations is 
scarce, however estimations indicate recycling levels of up to 
50% can be achieved [33]. There is often the coexistence of 
formal and informal recycling systems in emerging nation 
cities, although the informal sector can dominate the recovery 
market [33].  
There is also indication that the recovered raw material is 
of a higher standard (in emerging countries) than seen in 
developed nations [34]. This is due to labour intensive manual 
sorting being used in contrast to automated procedures in 
developed countries. Due to these different styles of 
separation there can also be greater recyclable loss since 
automated sorting can cause breakages [15].  
The level of government expense in creating and operating 
a recycling system can be another measure of effectiveness. 
Recycling systems in emerging countries are driven by 
revenue derived from selling recovered materials, meaning no 
government investment is required for informal recycling 
systems in emerging nations whereas developed nations 
require government investment to maintain its existence 
[14][15]. 
Figure 1. A comparison of government waste expenditure with income 
from waste related fees [28][30][20] 
Figure 2. A comparison of recycling rates between developed and 
developing nations (inclusive of dry recyclables and organics) [32][33] 
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Workplace health and safety (H&S) in the informal waste 
sector is not of a high standard in emerging countries. This is 
due to direct handling of waste and possible risk factors 
include exposure to hazardous materials (toxins, sharps, 
allergens), inhalation of gaseous emissions, and general risk 
factors of working near heavy machinery or busy traffic [35]. 
The most common health impairments in the informal sector 
are musculo-skeletal disorders and low back pain, allergic 
reactions and other respiratory disorders, physical strain, 
fatigue and stress [35]. Tool related injuries are also relatively 
frequent [35]. Developed countries generally have controlled 
workplace environments, abiding by federal or state 
guidelines [6].  
Table 7. Effectiveness measures compared between developing and 
developed nations [33][34][15][14][35] 
 Developing Developed 
Recycling rates ~ 50%[33] 0 - 50%[32] 
Quality[34] High Moderate 
Recyclables lost[15] Low Moderate 
Expense[15] Low High 
Labour H&S Low[35] High[6] 
4. Discussion 
   The literature indicated that the greatest influence of 
government in emerging nations on MSW was the lack or 
instability of related government policy. In developed nations 
waste and recycling specific policies were present at a federal, 
state and local level. There was suggestion that there are 
alternative options for waste disposal evolution in emerging 
nations; material recovery or waste-to-energy. These are not 
mutually exclusive, however emerging countries have shown 
some preference toward one or the other [8][9].  
   The technology and human resources of recycling systems 
have different generic structures in emerging and developed 
nations. Emerging nations lack household separating and rely 
on informal ‘wastepicking’ to recover material. There is also a 
lack of waste flow data, with regards to composition and 
recovery levels. This makes long term planning difficult in 
emerging economies and may impact the ability to effectively 
administrate a solid waste system. 
   The health of local recycling markets is largely determined 
by their profitability, and emerging markets appear to have 
some advantages with regards to profit margins. Even though 
they have low levels of recycling capital and equipment, there 
exists a large pool of low-cost human labour. “Wastepickers’ 
are present in abundance due to the existence of viable profit 
margins because of low domestic prices for products and 
services and relative high raw material prices (due to exposure 
to international commodity markets). In contrast developed 
nations have high labours costs, although they do have greater 
access to waste transport and separation technology. 
   Different education requirements are seen in emerging and 
developed countries, largely due to the contrasting system 
design. With recycling being market driven in emerging 
nations, and there being little household recycling, most 
education relates to sanitation issues. There does still appear 
to be a positive attitude towards recycling, however not 
enough for it to be a social norm. Developed nations do have 
a knowledge requirement, for households are required to 
separate waste. Education campaigns are used to increase the 
understanding of where, when, what and how to recycle. In 
developed nations, there are generally positive attitudes 
towards recycling and relatively low time costs. Recycling is 
considered a social norm in many developed nations. 
   A significant contrast between emerging and developed 
countries appears to be the proportion of MSW costs that are 
covered by household waste fees. In developed countries there 
is generally complete coverage, however in emerging nations 
there are sometimes budget gaps. This may lead to some of 
the other recycling obstacles mentioned, such as MSW 
administrative issues. 
   There are general indications that MSW administrative 
services are lacking in emerging countries, with references to 
poor implementation of services and procedures. This may 
relate to the absence of long-term waste strategies and the 
lack of personnel training. Developed nations generally have 
sufficient staffing levels with set education or training 
standards. Long-term waste plans are commonly seen at 
federal, state and local levels. 
   When discussing the effectiveness of recycling systems, 
there is suggestion that emerging countries may possess some 
advantage. In this case effectiveness is measured by 
government expense, quality of recovered material, loss of 
material during separation, recycling rates, and workplace 
health and safety. Emerging nations have no to little 
government expense for their informal sectors, high quality of 
recovered material, little loss of material during sorting 
process, variable recovery levels and poor health and safety.  
5. Conclusion 
    A review of literature summarizing obstacles to recycling 
in emerging and developed countries indicated significant 
differences between them. Section two of this paper presented 
the major obstacles to recycling systems and subsequently the 
likely candidates for driving plateau levels. The major 
obstacles to recycling were summarized as; government 
policy, technology and human resources, local recycling 
market, household education, government finances and 
household economics, and MSW administration and 
personnel education. These obstacles to recycling were 
compared between emerging and developed nations. 
   The major discrepancies between emerging and developed 
nations was the lack of stable government waste policy, the 
existence of a functioning recycling market and the 
unreliability of MSW administration and personnel education. 
The success seen in emerging nation recycling markets 
appears to be due to low cost and highly efficient material 
processing. Unfortunately, this can come at the cost of worker 
health and safety. The developed world recycling market 
processing can be characterized as high cost and moderate to 
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high efficiency. Their high level of automation plays a role in 
improved workplace health and safety. 
We learn from the comparison between emerging and 
developed nation recycling systems that recycling markets can 
be self-sustaining if processing can occur at low-cost and high 
efficiency. While it may be difficult for developed countries 
to improve their labour costs, there may be increased 
efficiency in optimizing ‘economies of scale’. For both 
emerging and developed nations sustainable manufacturing 
systems will need to rely on efficient recycling in the long-
term for waste reduction and material recovery. 
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